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WOMBAT (Whole Ocean Model of Biogeochemistry And Trophic-
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seasonal climatology of the downward short wave radiation at the surface 
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seasonal climatology with the red shading denoting the standard deviation 
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Figure 2.6: EMS acceptable solutions from the data assimilation. Left 
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red solid lines in plots A and B show the Chl-a observed seasonal 
climatology with the red shading denoting the standard deviation 
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http://hermes.acri.fr/index.php?class=archive), while the shaded green 
areas represent the corresponding standard deviation. The middle panel 
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areas represent acceptable solutions for the simulated surface Chl-a 
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Chl-a cost values. Blue dashed lines and blue shaded areas show the 
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Figure 3.5: Absorption, backscattering and Rrs spectra of small (2 μm) (left 
column) and large (40 μm) (right column) phytoplankton classes for 
different ratios of phytoplankton Carbon (C) to Chl-a. The black lines 
represent a scenario with 0.3 mg m-3 of Chl-a and 6 mg m-3 C (C:Chl-a 
20:1); the red lines represent a scenario with 0.3 mg m-3 of Chl-a and 15 
mg m-3 C (C:Chl-a 50:1); the green lines represent a scenario with 0.3 mg 
m-3 of Chl-a and 30 mg m-3 C (C:Chl-a 100:1); and the blue lines represent 
a scenario with 0.3 mg m-3 of Chl-a and 45 mg m-3 C (C:Chl-a 150:1). The 
amount of Chl-a and C in the left and right columns are equal and entirely 
distributed in the small phytoplankton class (left) or large phytoplankton 
class (right). Panels a and b show absorption spectra, panels c and d 
backscattering and panels e and f the Rrs for the two phytoplankton 
classes. 
Figure 4.1: Different scenarios showing phytoplankton abundance (a), 
size structure (b) and pigment content changes (c) related to increased 
Chl-a. 
Figure 4.2 (a): The Australian region and physical features that 
characterise eastern Australian waters. The study area is highlighted by 
the dashed line (150° E – 160° E; 30° S – 40° S). (b) Location of the 
match-up points # (Table 4.1) are represented by #, while non match-up 
points are represented by CTD # (Table 4.2) inside circles. The 
background is a Globcolour Chl-a (mg m-3) satellite field averaged from 
the 31st August to 16th September 2016. White areas indicate land or no 
data.  
Figure 4.3: Comparison between in situ and satellite Chl-a match-up 
points. (a) Comparison between the size fractionated Chl-a and the 
satellite Chl-a through bar charts. While grey bars represent the satellite 
Chl-a, the narrow blue, green and red bars show the in situ Chl-a for the 
small (< 2 μm), medium (between 2 to 10 μm) and large (> 10 μm) 
phytoplankton class respectively. Errors bars represent the standard 
deviation in the 3x3 pixel box that has been used for the matchup with the 
in situ Chl-a. (b) Relationship between total in situ Chl-a and satellite Chl-
a. The green solid line indicates a 1:1 relationship and dashed green lines 
show the ± 35% uncertainty interval. 
Figure 4.4: Relationship between in situ Chl-a and satellite Chl-a. Red 
dots and corresponding red linear regression lines represent the direct 
comparison between in situ Chl-a vs satellites Chl-a. The green dots and 
lines show the linear fit to the remotely sensed Chl-a where a different 
weighting is given for the in situ Chl-a associated with small, medium and 
large phytoplankton. Panel (a) shows regression model A in red font and 
regression model C in green font. The regression model B (in red) and 
regression model D (in green) are represented in panel (b). (c) The bar 
chart shows the size distribution (%) of the phytoplankton community for 
every match-up point. Match-up point’s numbers correspond to numbers in 
Table 4.1 and Fig. 4.2. 
Figure 4.5: Bio-optical properties in different simulated scenarios obtained 
through the optical model (Bair et al., 2016). The three columns represent 
three different Chl-a concentration, 0.2, 1.0 and 3.0 mg m-3 respectively. 
The first three rows show the corresponding absorption, backscattering 
and Rrs for the wavelength 443 nm in function of increasing phytoplankton 
sizes, while the fourth row shows the Rrs for the wavelength 551 nm. The 
last row is showing the simulated satellite-like Chl-a product. Different 
ratios of phytoplankton Carbon (C) to Chl-a are represented in black 
(20:1), red (50:1), green (100:1) and blue (150:1) lines. Correspondent 
phytoplankton abundances (cells L-1) are shown at the bottom of the figure 
with the same colour scheme. 
Figure 4.6: Simulated satellite Chl-a normalised by the 1 μm 
phytoplankton cells (3 mg m-3 Chl-a scenario from Fig. 4.5q). The figure 
shows C:Chl-a included between 20:1 and 150:1  in function of increasing 
phytoplankton sizes. The red area is comparing the simulated satellite-like 
Chl-a produced by 1 μm phytoplankton cells with the simulated satellite-
like Chl-a produced by 10 ± 1 μm phytoplankton cells. 
Figure 5.1: Conceptual diagram showing the key results of the thesis. 
Figure 5.2: Primary prouctivity in ACE (left column) and CE (right column) 
before and after considering the remotely sensed Chl-a underestimation 
associated with large-sized phytoplankton. Dashed lines in all panels show 
the primary productivity from Laiolo et al., 2016 (Chapter 2), while solid 
lines show the corrected primary productivity based on Chapter 4 (Table 
4.2). Panels a and b represent the total primary productivity, panels c and 
d separate the total primary productivity into large (40 μm) and small (2 
μm) phytoplankton contributions. 
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The eastern Australian ocean region is strongly influenced by the 
East Australian Current (EAC). Waters in this region are generally 
oligotrophic; despite this, nutrient enrichment and phytoplankton blooms 
occur as a response to physical events such as the seasonal deepening of 
the mixed layer or the formation of cyclonic eddies. In this PhD project, 
biogeochemical and optical modelling, ocean color data assimilation, in 
situ measurements and ship-board experiments were used to investigate 
phytoplankton dynamics and size structure in offshore eastern Australian 
waters, information that is necessary to improve estimates of future ocean 
primary productivity.  
First, the seasonal phytoplankton dynamics in averaged cyclonic 
and anticyclonic eddies (CE and ACE, respectively) off eastern Australia 
were explored through a single and a multi-phytoplankton class 
biogeochemical model. Seasonal climatologies of surface chlorophyll-a 
concentration (Chl-a) and mixed layer depth for both CE and ACE were 
obtained by combining remotely sensed sea surface height, remotely 
sensed ocean color and in situ profiles from Argo floats. Simulated 
phytoplankton responses to changes in nutrients and light were compared 
with a ship-based experiment. The experimental results were consistent 
with the model result, where the seasonal deepening of the mixed layer 
during winter produced a rapid increase in large phytoplankton. Although 
the Chl-a concentration in CE was larger than ACE, the primary production 
estimates obtained through the assimilation of the ocean colour product 
within different types of eddies were similar, showing an inconsistency with 
previously published studies that suggest CE are significantly more 
productive. 
To explore the properties and relationship of the satellite ocean 
colour product and in situ observations, theoretical experiments were 
performed through a coupled biogeochemical-optical model. Specifically, 
an optical model was used to calculate the inherent optical properties 
(IOPs) of seawater from size dependent multi-phytoplankton 
biogeochemical model simulations and convert them into remote-sensing 
reflectance (Rrs). Then, Rrs was used to produce a satellite-like estimate of 
the simulated surface Chl-a concentration through the OC3M algorithm. 
The information content of simulated in situ and simulated remotely-
sensed data sources was investigated through theoretical experiments 
that suggested the OC3M algorithm underestimates the simulated Chl-a 
concentration because of the weak relationship between large-sized 
phytoplankton and Rrs. 
Finally, this concept was tested with real data collected on a voyage 
in 2016, to investigate the relationship between the in situ sampled 
phytoplankton size structure and the corresponding satellite Chl-a product. 
Ocean colour match-up points confirmed the underestimation of in situ 
Chl-a concentrations when phytoplankton larger than 10 μm dominated 
the photosynthetic community. Furthermore, optical model simulations 
suggested that large phytoplankton cells cause a decrease in both the 
absorption and backscattering signals, which in turn affect the Rrs and 
cause the underestimation of Chl-a by the satellite Chl-a product.  
To understand impacts of contemporary ocean change on regional 
primary productivity, we rely on biogeochemical models to scale up sparse 
in situ observations. Although ocean colour provides information at high 
spatial and temporal resolution, this information has limited accuracy. 
Results presented in this thesis show that a simultaneous assimilation of 
in situ and satellite remote sensing can provide additional information 
about the phytoplankton size structure, crucial data to progress our 
understanding of processes influencing regional primary productivity and 
elemental cycling. Therefore, parameter optimization through a 
combination of the information provided by two distinct observation 
platforms (in situ and satellite remote sensing) will lead to the development 
of next-generation biogeochemical models. 
 
